12 United States Patent

Arndt et al.

US008381005B2

(10) Patent No.: US 8.381.005 B2
45) Date of Patent: Feb. 19, 2013

(54)

(75)

(73)

(%)

(21)

(22)

(65)

(1)

(52)
(58)

(56)

PROCESSOR AND MEMORY FOLDING FOR
MANAGING POWER CONSUMPTION IN
INFORMATION PROCESSING SYSTEMS

Inventors: Richard L. Arndt, Austin, TX (US);
Naresh Nayar, Rochester, MN (US);
Freeman L. Rawson, III, Austin, TX
(US); Randal C. Swanberg, Austin, TX
(US)

Assignee: International Business Machines
Corporation, Armonk, NY (US)

Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 487 days.

Appl. No.: 12/642,098

Filed: Dec. 18, 2009

Prior Publication Data

US 2011/0154083 Al Jun. 23, 2011

Int. Cl.

GO6r 1/00 (2006.01)

US. . ClLeo e, 713/323
Field of Classification Search ................... 713/323

See application file for complete search history.

References Cited
U.S. PATENT DOCUMENTS
6,182,201 B1* 1/2001 Armmilhietal. ............... 711/202

2004/0193829 Al 9/2004 Woo et al.

fa—y

"y,

S S Foloing
i Managemant Operatinng

. 302

b o9 = ol

;
B U VY —— -
3

2007/0106860 Al 5/2007 Foster, Sr. et al.
2008/0172565 Al 7/2008 Chu et al.
2009/0007120 Al 1/2009 Fenger et al.

OTHER PUBLICATIONS

“Preocessor and Memory folding for energy managemnet” By
Plante, Apr. 1, 2005, 3-pages.™

“Preocessor and Memory folding for energy managemnet” By Amut
Sinha and Ananta P. Chandrakasan, Dec. 31, 2001, 3-pages.*®

Le Cai et al., Joint Power Management of Memory and Disk Under
Performance Constraints, IEEE Transactions on Computer-Aided

Design of Integrated Circuits and Systems, vol. 25, No. 12, Dec.
2006.

U.S. Appl. No. 11/096,864, filed Oct. 5, 2006, Plante.

“Processor and Memory Folding for Energy Mgmt” By Plante Apr. 1,
2005, 3 Pages.

“Processor and Memory Folding for Energy Mgmt” By Amit Sinha

and Ananta P. Chandrakasan, Dec. 31, 2001, 3 Pages.
* cited by examiner

Primary Examiner — Mohammed Rehman

(74) Attorney, Agent, or Firm — Hamilton & Terrile, LLP;
Stephen A. Terrile

(57) ABSTRACT

A method, system and computer-usable medium are dis-
closed for managing power consumption in information pro-
cessing systems. Processing resources are successively
tolded, allowing them to be placed 1nto deeper and deeper
power saving states while maintaining the ability to respond
to new processing loads without exposing the latency of the
deeper power saving states as they are unfolded. Before a
deeper power saving state can be used, there must be suili-
cient processing resources 1n the prior power saving state to
mask the latency of bringing a processing resource out of the

deeper power saving state.

20 Claims, 5 Drawing Sheets

‘ . ,
f Mgt Processin 1‘». \-\
{ Loads Assigned Tg % % =ai§%ﬁu§g??gaq§ Pics Comtinue N

Frogassing Resouuces

\ we

b W i

CDonsolidation?

3

Yérg

— Foaling Managemeant
‘? a\\ﬂ\?pmt;ﬁm?
KA
e,

L 15

. No
& Proceasing Resourtg ™

i Feassign Frocesaing - 4
Loed From Boures Selec
Procaising Resourss To FProcassing Load For
Avsilabie Processing {““" Seassignment
Hapoures 310
‘;i‘éﬁ TN

ieila7

Char
Processing

o . Tk 1
Raewoiuroes In Piasi Resouros iy Pimt S

State
A8

Flace Sowee Processing

eep

Vg

Sigep State?
i\jﬂ// i w;m

| No

Reterning Suwm Of ‘} -
Sum

} Latenoy Ravival Intervals
For A% Processing
I Resouwcss Cusrently fin [

wxoeed Latency ; g
anvival O Second Blee \‘\_ a8
Sinte?

¥

nd Foiding
Managemeiy Operalions

First Slaep Stale
- Yag p

Fiace Sairce
Froveswng Resource bnto
Segond Sleep Sials
330




US 8,381,005 B2

Sheet 1 of S

Feb. 19, 2013

U.S. Patent

AR AR T A EERE R TR R R R LA A R A AR ek

e e = e, o aalatal al o seassssmrae e s as
.m m m _ it h.hh..-.l.;.q.l.l.qu.l-.-.un_.,“ m R S e -_ bbb R L .-u AR B . - g S P S R EE R T h..
n_ l..l.._-...-....-.. » “ ' i [}
_ P s i, . r . oo ’ g
: ; 153 : . S Pt : P
; 5 i e ¢ r S I 5 5 £4
“ .__" ..n g N % “ m_”-.t_ua...{- u-. “_ “ ....‘.l..i:”lvl\:l:unl. “ -u“nVIII l.;ﬂ.l. “ “ ..-".l-.-.".-l“--nﬂlu—
. Lo 1T 2 M PR Y L ’ il .m.v W . 5 ‘ g "
’ : / A d2 % 0 4 - e ‘ 4 £ T o ! + -
: m,nu{ z? o W / K.....um..nﬂx.e. w ; n.m?.,...“.mﬂ o ) rod | ._w. “ m Ty H
i ] .‘ 5 r o .“ 4 n -—. E .1 .-.- r .:'_ l‘r‘l f l\. - :l
H. ' . Y uh “ 1 H“ﬂ. .‘- L i‘.' o T - 1 u.- l"-..l- -.-1-
: g P L -~ a [ A oo H ﬂ- LY ] % LAFLLES =2 1
| SBNAD A BB AT R AT TIT TR o T LYY P PeRAMAAEL A pAIL ;
) » “ o -H.- .l.l.“ .rﬂ .‘lI * ...-. _l‘ .F ;_.u r [ L) %
M a . ' w m l_.-_- ™ “ “ H |
e A A w g o m.l.nll.-.ﬂl..l...l.: e T e . = - - .-.-r.....lrn:lul-ll-.l.l-.% “ “ “ ._....ll u-._.-.l
\_:I.....-.l ok = lIIlh._-.._1._1.._-L.L...._1._.-..‘phr..‘r.‘-L‘..‘L-.\.L-L-LlulunuﬁL_.L-.__-Lr.\hrhr\L ntuljtll.i.l:h:h.._!i.i.._-:i.i.i.._ﬂ.ﬂ £ gl gt oF F o g g I oF gF g o R g .i.t.t.tl.lnttlt-t“-“_ﬂﬁrl IIIII .|...r.-,..-r1r1r1|.-,..-r1r1r.-m ii%%?%%ﬁ\#
._-_f_l. - h .l#..-.
.Jl.vlnll- “ K \F\-.ll ﬂn.r.n.
l.f._-.*l. “ -]...-. .‘.-.l.\ ) -WT
: , o
-
1 .-1..r__\
r
] . ._._l.-
] " ....._.__r_-__.
) et e
: -~
“ u_._u..\.-_..u
} ” r .rr. ..\.Ell
A “ o =
L “ -‘l..t_..illu
” -I‘f\\ ._“.-.
]i\.-. J...._
T, . - ....\Jl._. ..-..._.._..n
[ v
u.l!.-u. oy ._.._..\;.._,.__..\.__ \\-v
ha, r ._‘..__.._. . :
- ark, L u .-11
5
F
-
]
Ll B L *
]
: ke 3 ;
A (W 4
)
b R S Yo v
: Bt Oy
") r
A St A
r
-_
“.
o , Lop apt gt gt gl g g o g
“_I.._Iri.. FF s rsmm e w |.I|l|.1|1.\.._lkntnt!.._‘..-l{-.ti.-.l{r{-tl- a
“ “ .“““H PSRRI EEEERARD DS A e
i ! ! p 4 ;
1 L | n--ﬁ_ . “ ” ..“ “.
_ .“ b .-.!-. L ] ..-.ln__.. 1 3 A A T A Y T TN Y XY FE > 3 N N N O o ol B omk ook oakoale e o [ ]
» | ] o 1 1
i - L‘..'-.-—..-. u.@.“ “-. ‘l‘"iulllL‘II-;I‘ltlililllinlilhiilil LA Il --“ “
” “ w-w.'.l.-i-.i..-_\w“.". *Mww_ ”" il T T R R R LR R -.lll.ll.-.-lll.l.-.-._.-.-.-1._.-.-.-_..-.-._.“-.-.-.-.-......-.-..1...!-._.1 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii “ .1..1.._1.1...1.{1._1..:..:...:-.-...-..1.1.1..-.-.I...I-.-.Hl.lll.l'.llll.llIIIIIIIIIIIIIIII_I_-Ii_l_-_.l.It. "
. 4 = ¥ o " ] o L
* . o B + et F] EREREY 1
A 4 ‘ : . A ey ‘
AP d o 4 L B / ol - ¢ :
[ T Y -« k L] “H r .r f .ﬂ v
< ! o .mmﬂ___ % - ’ Lo W ; \.1 ’ i
- ’ [ ]
T l..l-lllllllllh.l.‘.l.M .ﬁ .-“-._.... “ }-11}11.‘1111*‘*1*11*1*‘1.l.ll.i.."Hl'lllllllllllllllllllll“ “
) ﬂ! w._- m o “ U D awwrrmmr . “
...HJ. - ”ﬂ....l:_ |||||||||||||||| LS LL LISt R ¢ ; .ﬂfvw ﬁi mmﬂuw\mﬂ“ -
- ! ' } a R R 1
: 1 ] 3 ]
. ] gttty “ A A e ooy ' | S ’
- ¥ - - . L] ]
. t w ] - i = i ]
; 3 L 1N - h\”‘n ﬁl... 511 r .-._ - l...l“ l\-L .
: ¢ ] M mw ﬁm ﬁk.w.qu‘wﬂaﬁ- Mw mmh.mu * ’
IM u e = r ]
. ’ proa- w \_ximu ! .
n ..“ St “ X
i » ! ¥
i I L # ll.llllllllllllllIIIIIII.-.-i.l_-.-.i.nIhhhhhhhhhhhhkhhlkkh%‘%\‘h
. ._.-.__. w ¥ ﬂwﬂh_me m....___ _____.. m
- - -
H “. “ I EEEEEEEESSE NSRS R R EE R EEREEFEEREJ B R E gi dlt Jh gt ogl ol ol g gl il g ol ppie plnn i Pl i
n Versmmmaasms RN R Y S e ............._.I.I.l.l.l.l.l.“ m “
: .“““q .“u “ LI ENANASEE A ARSI EAKRSAKEEEENEFN S BAR AR ———— m
L iy “ m v
- * AL ] ’
lllllllllllllllllllllllllllllllllllllll o |||-|.I il d o A 4 1 Add 11N | ] I-III-III-ll‘l-lll-lll-llllllli‘I L] [ ] [ ] i “ uw W —‘ “__ ‘
S I A R i o R A 4 d d 4 d B Jd 4K J Addd dAEdad ll‘ o I 4 A A 4 J A4 408 Jd daddd adadd il ddddddddad aEnEd A ad Aaad IR “ H E 4 B A8 Jd Fd 411 48 dEd I EEERES ..I " 1 nm .." - “ . -Ill.. “. .
, . ’ pr -_ At ¥ (P I "N Y ot 4 :
s Ui - : N § WA mu. B LRAHENO L
- _.._ 4 g.“\lw “ - iniu..l ili.“. ‘. ; . - + L] l_ .
...nw‘-..__ ﬁq A .t < “” u_....__.ﬁu.n____._ w, -..;...-...Mw-w ....__.__.- ._u..‘w m nuﬁn.u-u-...-.as.w..n_.-u u.
PR “ AT ET R EE LIS A O Jrrr . “” .___...n_.__.p_..__... ) 43 i W + u..-u._._._......__m..__ # L:____-.___._ W .
ﬁ\%ﬂuwﬂ.“ﬂ_ ﬂ.u__..___-__lH“ m. .“ u...._l..}.__..._‘.___- ....i.....uri.,........l.._“" “
- -.I-.J-Ir-lf”...‘\..ll.‘l{l-' . " r l.{.l.[l..l-{-.[].l.r. . 1
. N ‘ 4% ; ;
.r!n.._. v.l".._ ._.F. “ -.\.\ .___.L __" bl A A A A R EEE T “
!
!
ety LR T m R Tl : W %
Lo [
. m W' Ty %.} uqn.m.ﬁhui)% _“......_m uu..MM..ﬁ.u_ m m w__ .um“n.”___.._ﬂ-__.{a___-.__.ﬂ ._“w y ot ““._u ¢y
. _..,__.m ..ﬂ..._uw ¢ WM LA
BT Ta B ST 1 10 e LY “ P11 O AR Y I
- L} ".l.-_. “J_i.“ *l— rat Ilm .l...' -.._HI_...I...____ .IL- n..-_._u._-a A= “ “ lllllll W g ek ol o ok o e N R R o e e A T T e
. a sk o sk i e i
’ ¥
m T T s e e o s da e R e m D e o gt e R g o
[
4 [ LR RN T
r 1 -.-_....-.....__. el WL - .._..-..I.
; Pl Ul 3SEAMD
“..I-.l..l..li-.li.i.i..-.\l..-.l.l..l.__ .1.-..-.-_..1.l1..._.l.-..-..-..l.-...l.1.l.u “. “ \.ltﬁ b l. “
m_ m m. L NN R EEEFFEETEF AT m“.
. a o
L] '
2 T .m “ . M
‘ -l _n ’ . - i ) nm.. Aty & LI e et N
‘ N ol 1) . o o ! . "y h ﬂ._ i .
v n m r W\ mm H.wa\m__ﬁ\“ A ﬁw._“.‘ .mm.....muv.. qmq Ao, m_
i’ - . . : )
. BACY DUBM { et S
r o p - -
e AT Amiagy GleeAn
) w e I  f et oy
1..!...-n.inlw n “ “ .“ -I.-.”-. .FIJ. m..l ) -.r.l_ ey ._-_h Sy ww_ﬂ. ]i.L- M -.I.L..__‘. ry A
n L i 1
ul.ul.-..“l..... ..mw_- e ered “...l11.1|.l...‘..l..|.-.11.l..llI.lllllIIIIIIIIIIIIIII_I..__.-_.-_.-_I.__.r.r.r._..r.r.-_.__I.r.-_.-_.__.r._.lll..l..lllll..l.-l...l.-ll.-l.-.-..-.l.-.l..l..-.-.

o
|
|
m
|
|
m
w
|
|
|
|
|
|
m
|

WOOGOOO  OOOO0OOY g  UOQOUEGs  COKOOOTD  sO00noony



U.S. Patent

.rq'!_ .
[
i
™
N e
o~ W
L Tty

N e e o N ol N B K Ky T T Tt e e e e - A e et . .

f‘#iiifiifiiiiiii "":‘:I'F'.lll'F'.F.*.P.F.*J.F.F.*.*.l.ﬁ.llF'F'.F.F'.ll'ﬁ!JJJJJJJ##,J,-#mmHJﬂJ,ﬁM-"’p "Wqﬁ#-#r-rrqrrrfrrffffff E "

Pk

718

%
'S

]
]
3
'._'-‘. L i, gyt L o o o o BT L T ;
1 .
i [
W,
»
]
X,
L
3
3
H
:-"-"'- A St wiyts  eet SRR e
]
[ ]
4,
:.
i
::‘ - -- o - - ] -._- -._’q_q. Jq_h".. E -
) I
4
3
L
[ |
[ |
|
[ ]
[ ]
[ ]
:‘1""1"‘- LT Tt ThTy Tt TaTed Tl »
N .
N L
e L
e |
> '
yms smm omms wmmw o I.I.“ -u-.-:-.
: \
: Ly
b3 a -"IP N
3 N
¥ »
h 'y
B et s e e e e wmm ', -E -
]
b
' :
: :
L
}‘-‘b‘ o T o o L s L e t":"-q;.'- ~ miem
) K ‘5
: - TH' 3
' y 45, 3
H
| =
e
S ol >
(X231
o
! :
: 3
.
%
i »
»
z"l"l' AR F* haE TEmw- L XN [ 8 -l..-.-,q?ﬂ .+n
' R
: R
) rc‘ Y
4 ey "
\ (ST
1 -
' y
" z
n b
L 'l
X .
‘
}"-‘- LRSS MR A o AW, A "-H}'-'
: ::ql %
x f Ay oy
; Wy )
‘
:: o h::- :||
3 {31
: [
:_h:‘-:'l- EEw swEWw: ‘mWh mmim --l\-.l"--'.'_': -:_-.
[ ]
n .
h .
b
L]
y
wem Pew W e -ttr- - L
L
g O ‘H\ :
I‘i- |llln!i- } L]
e ’
g .
1 'l.'- ' .‘
} E_‘*-...':‘ d
»
E,t.t.- R P L L.
-
.
N
:
::'-'-_' mmE mEm A ‘ma TER TN 1 =
L
e
L
LN
h
:_I" '
-~
X ETN
L g, N
:: {L t:&' .‘I
i L
:-;-'- A RN R E, E .,_M.
i
' .
' .
. 0
. .
I .
|
R R O RRE LR R Rl s
:.
[ ]
. .
]
N
H 0
' .
. .
. 0
' .
' .
:b“ BT, S S T S L S S
'y 3
v b
' *
X *
X .
k *
Baglgly, gyt g chgeigly figlgr gy mgliginy '+'
7 4
i 4
M 4
N "
» %
H .
- %
* %
M *
: :
:Eﬁ'h'\l L b &} "W cmw% L b & | [ & Bl -- -_::_-
; ‘
- N
:E :
: \
i N,
i
N <
¥ %,
M *
¥ "
M 5
: L
| N,
h ]
\ v
.:'--'l. - - P - -y -, q‘:q
f .
; :
4 v
1 1
?“r"‘ W AW et W Y WY -r"':"'r
| |
% n
3 '
: =ﬁ
s :
: :
l.
4 i
?*-.A ..
'y
E \‘\“a"c"c". -.,-'\1 '\"'\\'\\.""I\.\I’I.II"“
' .
I'h o
3 \{, x
; b
h st
4 e N
:t “ :"l,
3
g v i
t by N ‘:'h"-
1 ‘ - gy
) et :'r:':
% s
A
1
&
&
&
1
+
1
L
L
4
1]
%
Y

Feb. 19, 2013

:
;

rR.

E
:

SRR

L o "

i
E
o

{ ¢
.
A

£

Fara o o ar  ylow w

4
LT

o~

gt
2

"l.
. & bl m'mm m'mw LR R -- . -_-' am n
N,
i:
:.
" e iy S e rw'e -'lrl-:
1
L |
1
|
1
1
1
|
[ |
[ ]
[ |
AmE LmmA AR ARE Lkl mma 'h"-'l: !
a
I
..
..
..
Ih
mEmm e - -y L 1 LY l._i._ll:
°
]
N
2
L
b
b
b
L
e we'sT Ot ="k EmE mmwm -'-'-E
b
b
b
&
5
&
B, i gk Bl wglaglin gk _-‘_1\_:;
o
E
%
q“' -"lll'q__ .
h ] -
i o,
II =|"'-."'Il‘i‘{?
L
ST EWT A RR O -w W mEEm e
St ety eete' et W
. ¥ :'I
; y
i.'ﬁi ¥ :
tq'- ‘k"\-".‘. :
W .
I.: '3 -':\ :
- . ¥
R : §
o L
Emm W mmw L T E SRR ‘h.:lul::
M
N
4
[
|
]
ATmw - -‘mwmhk L R B | [ & N ] L] ,-!.- --_q:
[
7 ey .
e y
""\,,__-.-2 .
il ‘
b
& -" :
L]
= '-'Fl'h-ﬂ'-:- iy
'&
L]
b
&
b
b
&
LT IEET T T T T EY LY Y N .-. - i:'
]
]
h. X
--"'r !
e \M« i
™~ : ]
I.‘ . .hl.*fﬁ-**’ i
if e 0N H j
. ‘N
RGN S A,

)
S ey z
"y ‘i 4
. "J |.I &
I
3

™R 4
iy 1
- et
AmEYT mEw =) umm g mw - i.'q_rq'q
%
4
4
4
%
%
%
FL L ] L b bl L b Lh & L L b B | ' m l_‘-'-:
4
%
%
%
4
Ty %
ok ‘\t 3

.,

i I
b3
Taar aas wma saas see S oy
i
11
i
i
i
.
O " w mwm mm'- mms wan - -'-:l
‘I
"
"
",

i
!
!
!
!
i
L

}

Lo L "‘H 'I"E"‘. -'-h. .-‘--

e

P e

b,

Ly

et
L

",

'~..

T

‘P{"} }*“'5 NN N

] 1w

-
gl
nmE RAEe
Py °k "RAR SE R Y
Mymm e
=W wwh
il pu T
-
)

*"’i,-."P"

A '..n.,;.

:'h
my \n-‘ lt.ll.ﬁll.ll."h -

s

' -l"--l‘;& i
' -r"-_'-

w

wa

q-

Sheet 2 of S

'h."l.

Y

L
1-:-"&! i

%1

~'~:'§

{‘5
s

N

wllf gl ol i

WA A o o g g g S O o S Sl o S S,

i

u

LN
.
.
N
[}
L]
%
. L}
L}
L}
[ §
|
|
|
- 1

:.'U'-." A
n
1
A
L
N
A
]
h
3
'1

L|.:-"h'"h U
"
h,
h,
]
]
]
]

\\ T2 oz
)
]

ok wm o,

i

+ Hm YT

AN

' AR

¢

b b ]

ot wplgh LS SaTT e e STees wey
‘
.
AL
MR
.I
N v
)
lI
Emm cmEE EmE RaN M= whd Lmm --,I
D
Lo n T W awmw
gy gl agregrsy wmemer
EEE mEEm ImEE mEmE LR EE Aok
: ik A B
Foly T % 7 L 4 17 5 ' a%w.
L A T D R T“'\
%
e L b b “tmmy = 'm - mm TEma - -'jl ..:ﬂl.-
N,
] ":. :.i
4 T
"'-:‘-'l . g '\:
'b‘ "h : 1._.-.
| |
| ]
| ]
| ]
TR Aafe iyl TaTal alnie e wl
B+ o e l"lxll'h
L‘i‘.‘l‘l‘l‘lﬂ-’l&"l 'I-"I-'lg - bz ‘.\
- -y L L —Emm CgE R 1
*
H -
L
v 'l."" b,
e W
S0 N
iy i it PR Y aTee” wie s wew
.l--'-'-‘l-ﬁ-‘-‘h-.h-‘i-'i-'h-*‘.
. o LB ] I. i
[ ] b oa LI | - om ‘I .
h"‘"ﬁ‘h“--‘-
e - - e o W gl iy, gl ‘{ I-“
» TmomY
" -I
‘u ‘!-
.
E“M 'ﬁ“h‘;:
Lo T wra wrw SeER wRTY O waw
L R
LI T g J‘.
WGadad N
grigrhy Higiig=  mgtgn. whwtw e - -
gl
- o
T 1
-i ‘."I
A N
-
--- --- - - L T LY
| ] L]
:1. P ] -
‘wix's =iy fewls walt rwiw cwEr e #
{02
- -,
L
§ s"‘"‘ﬁ DAY
L i u
EaE EEE AR ERR mERE NN [ e mEE
I L}
-:.' - -}.
LB
-‘ LI .‘ 'h;“
Mg g ey '.!*t
L i R e L R L Taeh www Wik~ ‘. -
T A
s Y
|.-_-'
R
1S SR
L
b
k
k
k
:I-"'I-;Il:‘ll-'ll:h"h
]
1 4 L i iy .
SR \\
i e ey
Ty T de's - EREE Wl we -_— e =
] "w
.“-I ‘qu"'
“ . } N *.,-'E
gl eyl agriagin,  gegingr hgegdy ngegm, gy
Lt L L L L LL]
i. oy 1w
i T
LN HEE LAE, Bl BEGA gy ot L
F‘J
-""-.q_"'
~
. n; 1
ol L
L o B o o
L g i e L N L ] L 0§ . '
. e Pl r ﬁ‘l
l-"i.!l
LR
L Y
E LAY
s W A
S ATR- RY R - AR wWmE O RERR Rt R
. ¥ + n dom 1 N o=
l-"‘-*"r"-ll'h--l.-'l-l-'lq_.
—
- .-"'\--'il.‘l“\". H-l"

lll.ll.-l_-l.-l u-.t.-.t_t.-.t.t.-.-.u,_t.-,_-,_t.-.i

I-.:_! -
e
Mg, S A IR TR~ T
RN A WO
N SRR T ¢3- B  A
2 it ;:: " E . Ay =
) 'y - H"‘h * iy
. '1. u* :'-lil._ e a T, la Rl
-y ol s ™ e
2 R RE
h ":::r: (‘{: Y, :E‘:: WA,
ah w Wt iy
Db e e £
4% ) L Rl

'll-

fi

~
, 2:::

'J:
T’

.
}r
-

s

_1i" 1\.

ﬂ:.ll

I_,n._{ *

"
[ 4

-
%

l:'!’
L4
]

. u s

-"i' -
{

US 8,381,005 B2




US 8,381,005 B2

Sheet 3 of 5

Feb. 19, 2013

1-%‘:1‘:‘;‘.‘:‘:!‘-‘-‘-\%%‘-11 T e e e -_W‘.

-

U.S. Patent

o~ -._u it
;BN z
3 %
A 4 g L n.ﬂ
* - L]
& A o Eowe N B g
4 s o ._.,i...r_._.-__n .ll“ _....._ 1.”1... W...“,._..... o
O I T rom Lol
A 77 r5 R e e
¥ ool PR LT KR e LA
et L _.H.__.._ Iy .Fl-ﬁ- s LR E L E TN NN -4.”V £r s l -wn
2
' |

L CE LR EE TR N A N A A g

.
w
L]
F%
r
-
L
-
-
ot
kS
H""' e e e, o, e, L T T T W T T T, B B o B B B B 2, 2T

. AL
Tttt 1
el

aaaaah b b LL ALl IR L RN REY YWY YY WYY WRRY YRy
oy
o~
&
g
o

&
M
r
ﬂ r
"\ .....,.. -~ Ry W
1!__..-1-....._...-.__.\1.____.. Fral ___...!-." ¥t
Aas 1 “
L i M.“M-t\
O
g -
- L5 o,
AR Y
_ ron : : —
e A B 8 P 8 ) S aa sk e g ! t.” E E .1-..‘““-..,.__“."
“ e Fd e dddrrraeeeenaneennn soa m at ol gt e o R L E NN 1 J-“ -IlV\.-n 1k by rF.nﬁ.._l_L.-_.-_“.“
4 .. __..__...im Sy
“ ; o "L O
d | iy o R S
‘ : R :
v ’ ._nl n..“ b b
U r * ['] o E
o~ " . e oom W.n.._ o
“ h 3 5 _“_._-. L " u”
: Pl ; g e 07 v :
m ﬂr' “fl} 11111“1ﬁ" “ A o o o m ﬁww ““H “
, n e o
“ E : | . ” h, P A :
r i _._.“ i ey l.‘t [ ..‘I_...-._.. . "l
] 7 W z Y : .*..H_ﬁ p - .
! d ¢ , d L ﬁ”u . l__-_ p L ’
! LY 7 .. e 2 " -ih) " : .
" \\. i 4 -J. N | aiakeled \m\‘ “__ EL. -U.u . “ P r
* o s 3 ‘ " % ' :
" s om A b, i, L n % : 4 mmw % e erer et S
, W Sy Y rire N L ‘ n S 3
xx. & e ; g R ; 2 57 : M‘. I "
A\..ﬁ | l.Iln ﬂl“u. ﬂ.i. “n..- __-ﬂ)_ “___.w..-_...\.... _._.._i_l.__.l-__.__ Lot “ \_._ ﬂ._.i { ﬂf l“.“q
fah Y LY DI S 4 e r -~ PPl "
a\.- [ JF A S v e o ﬁr > r ....{u -\—. .n._.h C ._.- My
o - .l..h. 1..1..1.___1 ‘.__. ﬂl - r = .I.._ L L
S G E N s S & : = AR~ O N o
G- TS e B CF ot 1T pea T e et GRS R,
F; e I v ot Y @ eqn oy 1 L, o g G ol T Y 4T B
“ a_.-.-. Nu —.U“lv rmmsa 4 M.h.h:h:i.i.i.t.t.i ..-...._...._.“_'J .M_n_.. g .-H.pib.m m “ ﬂ.w_-“. W.ll“ a .ll.....I.-“ L A T - .H.“E s .-.i.u._.. -......_-r“ “V—.._-...-.._r
4 it 3 ..”.ﬂn L L1 . e, T Mm
“ o gz a2 YOS I iy A e SRS
Y 4, W LA \\ U3 56 : [ = oy : Y T g e 5y
rer Ty e . ; : e
m SN2 7 X : _ L& G m W a ’
g/ Y, - e Ly MM\__.' e, " : ] S b ' ] J“n . \
" ._..“__ 7 A r m.....qu ’ ; 4 n»n.rs\w iy H ____.nr o " __._._
“ x ru r** if - “ ” “ ﬁ}f “ H ?Wh %
. ~ .\.. ﬂ...,n : : oA [ ._.r. A e
: 5 _ o : : ) B ; tif J
“m W S o “ “” P o6 b m e
’ -rY n “ .“ “_. ._\uw “ .___.. ”.....I
’ _.._.. . ‘ u. .__.__.u._____,.r F] u -nn._._.___ rd
" Y/ : " “ A “ 4 L7
" m " m i3 m ke
r . ] .
m Jx ‘h m ; -..u...%i“*“m wa
» *x - ;
»
: : : hm_. &
» H »
g 5 r ‘ ’
: 4 r ) ’
4 MJV 4 _...._..,.._.._ P iy m m
. o “u.,. . ’
n..l.-.-__n. .._..-.._,._*f.._ ) .{._l..-.- o él—; - .\.“- Tk v 4
- .I.-._.l. ~y -. } M
y o e, A ) L .
.-.-__H-x l.-_. - l_l.l- G g ..ﬁl.l -1. \.r .-..-l L_
s - " T " ._-u. " "
Loy » : 5 i ol " rd ..n.. y: Y ¥
e , r § i P . - " ¥
a i A R 4 v A k T 5 3 _"...m._____ kY rd E v
i hma x -_t.‘“.v -jlur-_ ..-_-..-.. i -~ ol o “-- ﬂ\ _- .-..-. I.-1 L.
et i . LI ’ oas WY ﬂ.“_. w“-._. ’ P o ", Au. o ad " 5 e n= -
5 : P oo B e : b % Y A < e
e S : P : F AR L = %, ¢ ; Dol o
Lo I ! ’ o R ! »ap s £yt \u..‘ o ., i e k! A e
| ““ . u....____,.".. uw._- “.a.“.h_" ! \M.hu = e ““ ..-.._. w._._ ﬁ.ﬁ_.“. ..._.4 F il " J___. ﬁ-ﬂ# r et Sl : ”ln. E
e L0 : Pogr o > o B o : ’ % LR A TS O B R FoI gy Ne
i ==, e . . 5 . 1l NP L aal - Y A r a A PR
K% : : Ly, G Gy 2 ; S A Y e Fo gz b TR e A i A i
o d i RN e WD B g SR S35 S YR A SR ol R LA P 0y T e :
LI PR rl - 7V T = e ¥ ", maa e e T &-. i i A s . A U T " = ‘- A s
. axx e My e - Foh y i.._.. i ou N ._H-_ﬁ o Y d .__.__......-1. lh1h .y ._..-t-l?- 1 “-. a " " [N ax * ’
m hlm M.M.” -1.“__1..___ m ......o.qu_- .," M.. um .__nhi . H-m M - m.;t x _.._n._.-}m EEsrrrmrr. #..mr.. J\u _.._._.....”.H.l i .“.....- ........ E !..“.H. ..-_1“‘” el .n._k- - .__..u....." _H.r.m-...._.._r...__...__......... . .ﬂwan.. o ..Hu.w __.ut_..aq_ = _n_.. w..._,_“ ;ﬁ“._. m..
0 YA aka LA i . Rt R " e - " s o O il P i e
1 X : L W Pl MLy WOV T O S ¥ SAPLENEE NI I o N ot S I I Y S B oy /
sk - x o A e e - . . oAl L - Yoy ks a - 7 i n
0L : g : INE 2 : S i / N T | Ty e H A :
e A i . J L3y O S ‘ s g . (4 T , T TP ‘et '
15y e : Tor e AT R o B : A i ’ I TR T 1 e T ey _
SO Y ; O e 0% LS g5 A5y eoc : %, it ; D Y G A T L ;
- “- e j h.-. -1 : r lnl.nl. " . .t..- 1.h ta” a o n . 3
3 ; i i 4 RO DR I : S H e A 4 Do B O 53 :
g T e o~y I R . W 1 A S a4 r
A o . el " .‘“._M._.u.v + Ly -j..u.-.., A ...-____ - e ‘\\- ] e - r 7 faka r
.‘_l-.-”-..l.. .—- .-HHI- -I.l.n.“ -.El..i. “ n._..___ ot et -.-..-Ilw. .\H.... “ -l.-.___. .-..l..n.l l-' .-uv.l- R A .._.“ E -..-l“....llﬁ. t.-_luﬁu.luu ...-_. .” “
i f oy : X, it il i (Y \ / ; - : “
Ff” . | P “ 1 ﬂ“hl i ’ iy. .r A m ) Eﬁ I
s " » ! 5 Lil h _“ r
ﬂ-_— ﬂﬁ\r qlu-ul.lr ...\_ “ t _“ "1..-_- ._\- _l. _.—.. .-,.._.._._ ’ “
~ - R " _“ ' ,., ~ "
li....-.u!.-.lul il .1!.___.._..1.1._-!‘...\.. .-...q o o .-.__-.-..- l-..ﬂ_-__. ﬂ-.-'..-.-w “
el il i O R R o U L - e g g .
IIIIIIIIIIIIIIIIIIII X R I R g g R R

FIGURE 3



US 8,381,005 B2

Sheet 4 of S

Feb. 19, 2013

L T e
e T,

U.S. Patent

do /
/ N m e }
ry o4 ", i e
A L
A VP ey §%
o, &y, S
E ~r f 2 (L
d : AN Loi e " o I
O S 44 N m 1ees m...,.
.L.u...... - Y e X, . 4 i e
et ﬁ” .I-”V ) el £ T
. il w et asd : A
i ﬂﬂl._ ammy J-ﬂl.- 4 L il UIT
e e e e e e e e e e e s e r s e m A A el i l..“‘. . _JT-{ L'\l “ -lnl...-l.n. liu_“
. g -_......,_... A .ﬂ..l u e e e e e A A e A Y FF S E Sk R N P e EEE e . AmEEa. ... b sl bk . o rria ____..._.,.r.-..._._ [}
._-..-_I ..lum.q_._-_ u._.l.__.... _l. e e b et o o SR ”..ll. ﬂ ..—l# 5
..-_... A i o ._...._.l".- -—1. « A ___u.:-&_..._._-_
L e Bl
P :_q..n e S !
_..- o : [y g “.. ﬂl.”_l 1
(L ST Sog ¢ S T 2
k fres SR ‘ = ’
b <R P e :
™ i / ¢ 2 T :
Y ) _.-_.....u.q r nfnl ’
n.‘ -r \_ r .__{_D..___\__. “
KT SO ‘ 4o
y - . e %
4 £ .
)

; _,-'
Bl kTR LE -h-ﬁx
'y .

.~
»
:
¢
M
v
o
of
v
“ NN A A T E A AW E bk b o e ooyt g gl A A i o ot i bl o i o o " g e o s 2 A A AR A A o i i i3
r
: &
-1 -
] 1
: f
. ¢
L] 1
: ‘
] I
] 1
“ “J._. Foilt il ol ol g g .lrl_rl_rl_r.lrl.- éﬁ‘\\rﬂ.ﬂ.ﬂ.ﬂﬁﬂ.ﬂ|l.l. “
F ’ . 1
m m : m.
’ 1 % ._1-.11.. '
r ’ b Fun ’
r ¥ .
’ T ‘ : £ ;
F . t. ram ..I_..__l..l..-... '
» A L. o A :
i i fd - B a ...l-t...ﬁ_.. 1
» e P B TR )
¥ o .ul-ln "} - A ‘.... " 1
1 e O P I A P )
, - ki - | yu'yr .
r \v b L’ g T __l.,-.....n .._._..._,... “
“y e "ar P -._..-Ir.._..._ L fl
in .‘i._....r... .y Fl - ?
A P _- Y ’
’ o e £ WP el e v !
’ 0 T ¢ § RV S LY }
5 DI 4 D - # W g O /
" i s o - r _...u_ o o - a
[ ] . .-l -.ui- i .11..-”r. r e e .n.\.._-. ’
' it 4D Py, e L :
4 Laa ﬁ.‘b - 'y .I.Irlrlrlulul_..lql.-.“.. .-_II.I.-. ln.“.“ .n. -...n._-_ I..___"‘. l.u.t d
» ._,_...W H_”J_. e e a1 B A i . :
’ R R i iy A NFE | !
’ R T C bkeo O i
u._ ¢ U i) A et e y
u_ , i s i RSN
_ I.l- . | g X l
. m ¢ 2 B T B T Y .
. . Cy - ]
) “. .nnn.l_ i ' A e A “...nl. ’ .
') r - A i - iaa d M
. o [y F ol . a ~ ..-.ﬂ s e r
: LA Y ot TR :
l” l_ A [ ] nH 1- d - i.lrll r
i o . . w . ..l-__r. “ Fd 4 L ¥
“ o " . rrr .-h___..__-... ; ““ : -IGL-.. v ﬂ
o . &
i ‘ ﬁwl m_ m nEs Fa® y
: : : 2 Y A
”“ 1 ) Ay o “
. i d 4y ¢
‘n 1 i A
a ' i '
““ gt T T R ’
:
]
3
? [}
7 ] 1
z P
' L
= s g -
‘A VR ﬁ.h_
" " w -..._. “ o
e A £ ’ i
._n.z_- .ﬂt- i L g S G

3y
-""j ;
.
E
£
4
J."
.'l
F
3
oy,
_'f:'
-
ey
‘\-F:-'v'.
""-.,_\'}
.“",-

L

by
H
. -
T

¥
L)
')
v
%
v 4_.. m
- |
F e R C LI H
twuh” “ ‘_t,._-.. -ﬂ -.- t-_. m.w_.r- .ﬁ? .fh ol e § A--- \_._ " inink “.
e [ 0 e, P ol e . iy .y .W., o ¢
e W : e U b 2 e % 4 'S Y o :
oo L “ -7 7 A A l N P \ 3 :
o — . - lﬂ.l._- e ‘.\ - ___...-__l.-.- . A N P P ' (SRR P x
L . o et e e % . 7 I £ e D . i :
e ; S e i 7 Q . : A EY aad A Pl T ¥ £ 2 :
. hﬁ. [ ] ) 4 :ﬁll L LA " [ iy " ._.-_!l.- «1 e g l. h.._-L_- ITIL. r
.......,up:l..j.“ ) . -_.H..__..v Y ol ﬁ...ﬂ..ﬂ nL- rata’ U\_.t__ .-u. - .“\1 ﬂ”—.___ . ﬂ”. .....‘ - -n- i ...h.-.._-.l-.l,.... ﬂ...- ﬂ .ml.“u..r.-.- -r-—t- p
' a....n,h.u. " i .u.....nn... b N o il kY Mu(.. £ o~ v oy o L / b ] h_..r ,.“u. ) rre. « ' rrrm
™ __.....,..Lw ] Pl TR il 4 Vd ﬁuw. .__._u.....“__.___ LN . F, et o ‘e T.-_.. - Y e # 2f s R ...w - w-w. e P r e o
' P—— : - * l_.ﬂth.,“. “ur ] . . . h..r._. E - .-._.-..l.T Y ....I.! “ . W, - ..1.- “I.-_i.-.h“. . . i ol ol r : o4
“I.__t..._-. - .-“.__-ui.v.”“ ._.._“..__- EE LN ) n..? L. .__.‘_.M .“ —..-_-tml- %‘1% “1 .lh . H...I.l h-.....;- _H -.-...,..._.."_.q. % -.-.-.l .q-_- n ”I ™ ......I__..u _“INI. nl_“.l ”|I|-l.. “ I.-.-..!. \1 .-_.‘”..-. H.\.-.‘.! m-.\Tt..\._ ....l-" " ..- , l_. ﬁl-&ll.ﬂ.“ “ . ﬂ .-___-
. e Ll...” “ 7 L x ﬂ- “ Iﬁw P r y ‘._l_"H \ .__Ln“.nu.- Ca _lu_._..“ AR _ph ek i o g y .I-Ill.l. ..I‘l _..-_ - _.ﬁ - I.I.l..l..‘l-.--..l..l?..hy H!. aa Ill - l-“ Tl i A o o i -lnlﬂ L.l.w“ﬁ ._l"l-l-.r- “l-h hhhhh .l..l.l.l..!..l-l.%.-\ ..m‘n.-.-l [
V F L “ Dﬂl _ﬁ. » A g \_.._-v... ..um -:-.U.__-_. ._“-Iu A= H-Liu..n._.__ \vp ___-_. it ..1_" .11}-. ....;-_..__ Mo a u._-_ -FM 4 _.L. L3 | o o “ " .“_ ol '
-qhn- ‘a5 - ! v, Fa d, A .-.-.l_ “ F PO Ly t .!.l?ﬂ ._...._lquu_l- .-.- n - q__-.ll i .-ﬂ.l_"l- l-.-. ‘uln._-_. ltwv .ﬂﬂ..__“l.. n n g
s A b \H.H.M w”.”. q___.”, ke B 1 .1_..( .._. ” A g £ £ _\. L LI T w2 1 .._v - anr “pa o E
o 4 : B ! Pt y N AL i F O S Y Ao : R
. 4 <L W " ;24 d “ e < oL . P> s : .
-.I__._.l_- 'l .l.-.‘.l.r F T L-_- - -_‘1 " - T i - ¥ l. A l- hl.m..__- v. H
) w-.ﬁ-._. Y -.“...“I.“ [ .lt-..-_ .«..-.- “.l. -\\ A .H.HJ_ Y o it .-\. -l-._-‘. - 1
s BT £ y R B G/ 5
[ Uu i O __"... s ﬁ...ru__ .._-._. ﬂ .“H..__.___ LS .n.- £l < F - " ’
_n.d...___ m ._..._..H...._. ..____...“__.. “_.Hﬁv A f u.m ey 4 ._.ﬂ. g \.. ™ r.u_____..\ﬂ r, iy M.”_T m
- 0 iy - / ¥ .-.U - + " ] f _-...11 .
2 b ool ek 2 : ) e L S YoM 7 i ;
LI A - x % o "
S S R ./ S W i
- o [ " J
N “on, P \ f 7 %/ A :
-.r___._.__. Iu.ll.hl...._n - f ___\ - ..\_.. l-_... J.M ae m



US 8,381,005 B2
%
;

‘ ¥
1
]
i
[ |
"
]
’
' L
] ‘- LN ]
poLay
’ i _F-.li‘.
T S
1 - .l.rl_r.- 1_-. s
! £ s -
o, v
_" g e o
J ARSI T WS
.“.. 111..“ Y o o AN N N N N T NN T A o o - B b gt g p P . m _Fl.f. . h ___.nh
Im..-. § A a-_._d".._.._... ﬂi\ “.__.Im.rhl ..T.i“l.
“ . u .I..M “_ " ol
L i :
’ w
“ % -n.._. bt o
'y % ¥ -_.l..-‘ - m
| - s
m ! % ﬂﬂu ﬁﬂw . -
o b ] (o L 5
: u o :
# -ty M.W\ ”
’ -
# K ”
r g
h f
: %
-.‘...I.‘..l..l-.l_..l-.l.l.l....l - o

Sheet 5 of 5

!
d
A
: , :
e “ mﬁw ’
....._.Uut , g A
A A g A ’ g “
: R it ..3“ !ﬂﬂﬂﬁﬁﬁﬂﬁ‘t‘h\h\tlh.‘h.}j Fad -~ ph
3 “ v . 7 __*;..UV A A A AT A 1_.“_.
; ™y : a2 : £ \). % : 4
e “ Pt : =7 £, PR : A
— : i “ & £ oo a5 2 o :
2 I : ) A“.-._.__. e e ] 3 ‘.r .“.m.a.__-.. _f_._ m ..\..—.1 | et '
- ! ) ] ] - ot o i
- U < : gy ;o b . 75 % W m_
9 n.ltﬂln ﬁl-._.\_ o “ - ___._.l..v u___._.l...._ -\f ._.l.“- ] .__\..._.1H ___h.-“ﬂ ¥ F Al . oun_.l_q _.._q__-l...u “
e S DR : S B T P 4 2 e, N Py ) ¢ X S .
y— L o _ g v .\ P . e B! i S D ey " et I ]
o 2 o nWﬂJ e A S pid P 43 ] MM 7 .. “uu.. S, ot anme L :
o, D ot AR S S £ LV e R A Yy L2 B ;
b .m\\- " £ o . b . T pnd Lo e T3 A U.... Fi bt O S RIS >
P ) P / " I e P SEE45 ST P A A ; o R v K D e a k ’
o} G5 B o5 b P Y ey et A AR R A | v gL £ o= Y v @ oy HONS AR LIV
e i e B R A R i B s B BN o I I G B AR CA I AN I I A Tl ol ot D25 EA ol =i R
H ! rl.._-t-‘ P, E Ly “ N-.W\- HW\ o + “ - w el ﬁ.w_w .H-___l_"r » f g e . : ul-h.u. ] “ b g g g g . . ...._w Pyt _n.w) ﬁhl___hm L I P A, .__._\M\ﬂ u.._ - ..._-._l_‘.uwuu_ "- 4 “
. ol e : . y I - % m=ray ] e . : -~ . - Ny me. - .u -
AV.I.__. P ..-_--.uw “ o “ll(n...-. ll..-_.-mu.h of “ - -_.“.u.__. d ¥ “l-_“.._l. .“.l.- ___.-' W . -.J.-_ .Hl_f.lu_. .-“_l-\- .“I_Ium-."- p - L.._l.i- “ LM.tlc m _..H u_“w“w- F _ﬂ...\_tlh_. .l-“___ul.. _I_-.“-“ .r.m ..m .-.-t_.-. t”h...!“l“ ..Mh“-% -I.W“V lﬁ.-“l-l.‘ I-.i.“.-l_m_lh “-\\IM. e ‘I lil___“.. =, -L"l...ﬁl-_m .m
. b - AT r - F ._.-_ A R ] o _ql. . .l L] - . i - u - L .
o Pogn g % Y TN R ; PSS [ e gy e G UL _ : DY e £ __ SN
§OML A o L S : S s L o P : % ey Ty T s e b
$ B op = Dy Ao : L s .«...\ BT = e %F : X e / w0
.sam ; i N, _ ’ | ol ‘ . _ . b A
;. _“ o ¥ =7 : % ~ e N L, b : S B 4 | Ty 5 i
LA T i [ RO . , . ¢ P Wt T LI ’ LA ¢ S-S 1 S
) L e b 'y Fr 1 " .__.. .1......# -.___ . Y ik 1t ot ¥ -... ‘3 hm o ._\ . A ﬁ
-_. yr 4 " 1. A F aile ph A i \w ey fmn | u Hmh”ll # -.-.ml..l e - v _I.l - z *
: £ ) ! R A ; oM IS S L O T2 A 4 A aLs f
: £3 ] ; s ; S 0y .“ s 3 " 7 A 0
“ Dt : y bt ] 5, 4 ; i o vd oAy S / R $
: {3 : } B S 7 ”m Ty Y ; o :
“ “ “ “._..!“I -.-.._-__- n\w “ Y .._..____ “u__-._-_._- . m m
FELB o e ot ettt g M.l..l.l g .‘ﬂ\ _“l..-_...-..__..ll.llll llllllllllllllllllllllll ..-.__;-Ak..\_ “ “
sessafsfsfsffffREsAS e st ot g it ot e A A A

U.S. Patent



US 8,381,005 B2

1

PROCESSOR AND MEMORY FOLDING FOR
MANAGING POWER CONSUMPTION IN
INFORMATION PROCESSING SYSTEMS

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the disclosure relate 1n general to the field
of computers and similar technologies, and 1n particular to
software utilized in thus field. Still more particularly, it relates
to managing power consumption in information processing,
systems.

2. Description of the Related Art

The costs associated with the energy required to power and
cool today’s information technology (IT) infrastructure con-
tinue to escalate. As the number of information processing,
systems continue to grow, these costs have become a signifi-
cant 1ssue, prohibiting business growth and reducing profit
margins. At the same time, increases 1n energy consumption
are placing unprecedented demands on a valuable and
increasingly scarce resource.

One known approach to conserving energy within an IT
infrastructure 1s processor folding. This technique 1s 1mple-
mented by an operating system (OS), or a Hypervisor, to
consolidate active processing loads to use the fewest possible
number of processor cores. As processing loads are evacuated
from a processor, they become 1dle, allowing them to enter
lower power usage states, often referred to as a sleep state.
However, one 1ssue encountered with processor folding 1s the
latency incurred when needing to unifold a processor, that is,
revive 1t to recover from a low power state 1n order to accom-
modate either new processing loads or spikes 1n existing
processing loads. As a result, the depth of a power saving state
that can be used 1s limited and therefore the potential power
savings that can be realized 1s reduced. Furthermore, current
tolding approaches have not been applied to other processing
resources, such as memory and storage devices.

BRIEF SUMMARY OF THE INVENTION

The present mvention includes, but 1s not limited to, a
method, system and computer-usable medium for managing
power consumption in mnformation processing systems. In
various embodiments, processing resources are successively
folded, allowing them to be placed 1nto deeper and deeper
power saving states while maintaining the ability to respond
to new processing loads without exposing the latency of the
deeper power saving states as they are unfolded. In these and
other embodiments, before a deeper power saving state can be
used, there must be suilicient processing resources in the
prior power saving state to mask the latency of bringing a
processing resource out of the deeper power saving state.

In various embodiments, processing loads assigned to a
plurality of processing resources are monitored. If processing,
resources are available for processing load consolidation,
then processing loads are reassigned to available processing
resources. Idle processing resources are then placed in a first
sleep state, comprising a first power consumption level and a
first revival latency interval. Then, the sum of the respective
revival latency intervals associated with all processing
resources currently in the first sleep state 1s determined. If the
sum exceeds the revival latency interval of a second sleep
state, comprising a lower power consumption level then a
processing resource currently in the first sleep state 1s selected
and placed 1nto the second sleep state.

If active processing resources do not have suificient capac-
ity to accommodate a new processing load, and a processing
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resource 1n a first sleep state 1s available, then 1t 1s placed nto
an active state. The new processing load 1s then assigned to
the revived, or newly-active, processing resource. A determi-
nation 1s then made if other processing resources are 1n a
second sleep state, comprising a second power consumption
level and a second revival latency interval. If so, then the sum
ol the respective revival latency intervals associated with all
processing resources currently 1n the first sleep state 1s deter-
mined and compared to the second revival latency interval. IT
the sum exceeds the second revival latency interval, then a
processing resource currently in the second sleep state 1s
selected and placed into the first sleep state. The above, as
well as additional purposes, features, and advantages of the
present invention will become apparent in the following
detailed written description.

BRIEF DESCRIPTION OF THE DRAWINGS

Selected embodiments of the present mvention may be
understood, and its numerous objects, features and advan-
tages obtained, when the following detailed description 1s
considered in conjunction with the following drawings, 1n
which:

FIG. 1 depicts an exemplary client computer in which the
present invention may be implemented,;

FIG. 2 1s a generalized block diagram of the operation of a
processing resource folding management module as 1mple-
mented 1n accordance with an embodiment of the invention;

FIG. 3 1s a simplified tlowchart of the operation of a pro-
cessing resource folding management module as 1mple-
mented 1n accordance with an embodiment of the invention
for folding operations; and

FIG. 4 1s a simplified tlowchart of the operation of a pro-
cessing resource folding management module as 1mple-
mented 1n accordance with an embodiment of the mnvention
for unfolding operations.

DETAILED DESCRIPTION

A method, system and computer-usable medium are dis-
closed for managing power consumption in information pro-
cessing systems. As will be appreciated by one skilled in the
art, the present invention may be embodied as a method,
system, or computer program product. Accordingly, embodi-
ments of the invention may be implemented entirely in hard-
ware, entirely 1n software (1including firmware, resident soft-
ware, micro-code, etc.) or in an embodiment combiming
soltware and hardware. These various embodiments may all
generally be referred to herein as a “circuit,” “module,” or
“system.” Furthermore, the present invention may take the
form of a computer program product on a computer-usable
storage medium having computer-usable program code
embodied 1n the medium.

Any suitable computer usable or computer readable
medium may be utilized. The computer-usable or computer-
readable medium may be, for example, but not limited to, an
clectronic, magnetic, optical, electromagnetic, inirared, or
semiconductor system, apparatus, device, or propagation
medium. More specific examples (a non-exhaustive list) of
the computer-readable medium would include the following;:
an electrical connection having one or more wires, a portable
computer diskette, a hard disk, a random access memory
(RAM), a read-only memory (ROM), an erasable program-
mable read-only memory (EPROM or Flash memory), an
optical fiber, a portable compact disc read-only memory (CD-
ROM), an optical storage device, a transmission media such

as those supporting the Internet or an intranet, or a magnetic
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storage device. Note that the computer-usable or computer-
readable medium could even be paper or another suitable
medium upon which the program 1s printed, as the program
can be electronically captured, via, for instance, optical scan-
ning of the paper or other medium, then compiled, inter-
preted, or otherwise processed 1n a suitable manner, 11 neces-
sary, and then stored 1n a computer memory. In the context of
this document, a computer-usable or computer-readable
medium may be any medium that can contain, store, commu-
nicate, propagate, or transport the program for use by or in
connection with the 1nstruction execution system, apparatus,
or device.

Computer program code for carrying out operations of the
present invention may be written 1n an object oriented pro-
gramming language such as Java, Smalltalk, C++ or the like.
However, the computer program code for carrying out opera-
tions of the present invention may also be written 1n conven-
tional procedural programming languages, such as the “C”
programming language or similar programming languages.
The program code may execute entirely on the user’s com-
puter, partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a remote
computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the
user’s computer through a local area network (LAN) or a
wide area network (WAN), or the connection may be made to
an external computer (for example, through the Internet using
an Internet Service Provider).

Embodiments of the mvention are described below with
reference to flowchart i1llustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the mvention. It will be
understood that each block of the flowchart illustrations and/
or block diagrams, and combinations of blocks in the tlow-
chart illustrations and/or block diagrams, can be imple-
mented by computer program instructions. These computer
program 1nstructions may be provided to a processor of a
general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions/acts specified 1n the tlowchart and/or block diagram
block or blocks.

These computer program instructions may also be stored in
a computer-readable memory that can direct a computer or
other programmable data processing apparatus to function 1n
a particular manner, such that the instructions stored in the
computer-readable memory produce an article of manufac-
ture including istruction means which implement the func-
tion/act specified 1n the flowchart and/or block diagram block
or blocks.

The computer program instructions may also be loaded
onto a computer or other programmable data processing
apparatus to cause a series ol operational steps to be per-
formed on the computer or other programmable apparatus to
produce a computer implemented process such that the
instructions which execute on the computer or other program-
mable apparatus provide steps for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks.

FI1G. 1 1s a block diagram of an exemplary client computer
102 1n which the present mvention may be utilized. Client
computer 102 includes a processor unit 104 that 1s coupled to
a system bus 106. A video adapter 108, which controls a
display 110, 1s also coupled to system bus 106. System bus
106 1s coupled via a bus bridge 112 to an Input/Output (1/0O)
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bus 114. An I/O interface 116 1s coupled to I/O bus 114. The
I/O intertace 116 affords communication with various I/O
devices, including a keyboard 118, a mouse 120, a Compact
Disk-Read Only Memory (CD-ROM) drive 122, a floppy disk
drive 124, and a flash drive memory 126. The format of the
ports connected to I/O interface 116 may be any known to
those skilled 1n the art of computer architecture, including but
not limited to Universal Serial Bus (USB) ports.

Client computer 102 1s able to communicate with a service
provider server 152 via a network 128 using a network inter-
tace 130, which 1s coupled to system bus 106. Network 128
may be an external network such as the Internet, or an internal
network such as an Ethernet Network or a Virtual Private
Network (VPN). Using network 128, client computer 102 1s
able to use the present invention to access service provider
server 132.

A hard drive interface 132 1s also coupled to system bus
106. Hard drive mnterface 132 interfaces with a hard drive 134.
In a preferred embodiment, hard drive 134 populates a system
memory 136, which 1s also coupled to system bus 106. Data
that populates system memory 136 includes the client com-
puter’s 102 operating system (OS) 138 and software pro-
ograms 144.

OS 138 includes a shell 140 for providing transparent user
access to resources such as software programs 144. Gener-
ally, shell 140 1s a program that provides an interpreter and an
interface between the user and the operating system. More
specifically, shell 140 executes commands that are entered
into a command line user interface or from a file. Thus, shell
140 (as 1t 15 called 1n UNIX®), also called a command pro-
cessor 1n Windows®, 1s generally the highest level of the
operating system software hierarchy and serves as a com-
mand interpreter. The shell provides a system prompt, inter-
prets commands entered by keyboard, mouse, or other user
input media, and sends the interpreted command(s) to the
appropriate lower levels of the operating system (e.g., a ker-
nel 142) for processing. While shell 140 generally 1s a text-
based, line-oriented user interface, the present invention can
also support other user interface modes, such as graphical,
voice, gestural, etc.

As depicted, OS 138 also includes kernel 142, which
includes lower levels of functionality for OS 138, including
essential services required by other parts of OS 138 and
soltware programs 144, including memory management, pro-
cess and task management, disk management, and mouse and
keyboard management.

Software programs 144 may include a browser 146 and
email client 148. Browser 146 includes program modules and
instructions enabling a World Wide Web (WW W) client (i1.e.,
client computer 102) to send and receive network messages to
the Internet using HyperText Transter Protocol (HT'TP) mes-
saging, thus enabling communication with service provider
server 152. Software programs 144 also include a processing
resource folding management module 150. The processing
resource folding management module 150 includes code for
implementing the processes described in FIGS. 2-4 described
hereinbelow. In one embodiment, client computer 102 1s able
to download the processing resource folding management
module 150 from a service provider server 152.

The hardware elements depicted 1n client computer 102 are
not intended to be exhaustive, but rather are representative to
highlight components used by the present invention. For
instance, client computer 102 may include alternate memory
storage devices such as magnetic cassettes, Digital Versatile
Disks (DVDs), Bernoulli cartridges, and the like. These and
other variations are intended to be within the spirit and scope
of the present invention.
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FIG. 2 1s a generalized block diagram of the operation of a
processing resource folding management module as 1mple-
mented in accordance with an embodiment of the invention.
In various embodiments, processing resources are succes-
stvely folded, allowing them to be placed into deeper and
deeper power saving states while maintaining the ability to
respond to new processing loads without exposing the latency
ol the deeper power saving states as they are unfolded. In this
embodiment, processing resources ‘a’-‘h’ are managed by a
processing resource folding management module to operate
in an ‘ACTIVE’ 206, ‘SLEEP’ 204, or “WINKLE’ 202 opera-
tional state. In wvarious embodiments, the processing
resources ‘a’-‘h’ comprise processors operable to perform
processing operations.

In various embodiments, the processing resources com-
prise memory units, such as dual inline memory modules
(DIMMSs). In these and other embodiments, active, in-use
memory 1s folded (1.e., consolidated or compacted) onto a
tewer or specific DIMM ranks such that other DIMM ranks
can be placed into lower power states or powered ofl com-
pletely. In one embodiment, memory address ranges are
assigned to corresponding memory power domains for power
management. In another embodiment, the memory power
domains are likewise associated with other processing
resources, such as a system processor core. As an example,
memory folding may be performed as a function of processor
tolding. To further the example, a memory-folding operation
may be configured to maintain 4 GB of active memory per
active processor core. Then, as individual processor cores are
folded, associated DIMM ranks can likewise be folded to
maintain a ratio of 4 GB active memory per processor core.

The folded DIMM ranks, associated with a targeted
memory power domain, can then be placed into a lower power
state or even be powered-oil completely. One approach to
accomplishing such memory folding 1s to have the OS per-
form transparent memory page migrations, which builds
upon existing dynamic memory removal support, to compact
the 1m-use memory to a smaller number of active DIMM
ranks. The folded memory pages are placed into a new folded
state within the OS memory management states, which simi-
lar to a folded processor core, represents a resource still
owned by the OS, but purposefully dormant or inactive. When
a decision 1s made to unfold an associated processor core,
folded memory pages are reactivated and placed back onto
free lists for allocation and to maintain a predetermined
memory-to-processor-core relationship.

In one embodiment, the OS maintains lists of free memory
in order to have pages ready for allocation on demand. Vari-
ous memory control operations determine how aggressively
dormant pages are searched out and reclaimed to be put on a
free memory list. Based on various power savings modes and
processing load demands, memory recovery operations may
be modified to harvest additional memory pages to make
them available. Likewise, free-page memory lists may be
organized for aifinity per memory pool, for page size, for
cache coloring, or by memory power domain. Accordingly,
based on a predetermined power savings mode or load-based
measurement approach, pages of a particular memory
domain may be reclaimed and then placed on 1ts correspond-
ing free memory list.

In another embodiment, the contents of one or more
memory domains are evacuated to other memory domains
and the OS identifies their corresponding memory power
domain. The OS then either leaves the evacuated memory
pages on a memory domain iree list until they need to be
reactivated, or they may be placed into a folded page state,
thereby preventing them from being placed on a memory free
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list. In these and other embodiments, the processing resources
may comprise individual or combinations the aforemen-
tioned and other processing resources, such as nonvolatile
storage devices, power control units, and information pro-
cessing peripherals. It will be appreciated by those of skill 1n
the art that many such processing resources exist and that the
foregoing 1s not intended to limit the spirit, scope, or intent of
the disclosure.

Each of the ‘ACTIVE’ 206, ‘SLEEP” 204, and ‘WINKLE’
202 operational states has a corresponding power consump-
tion level, which refers to the amount of power used by the
processing resource while 1n each state. As an example, a
processing resource ‘a’-‘h’ operating in an ‘ACTIVE’ 206
state may completely consume 1ts allocated power budget.
However, the same processing resource ‘a’-‘h’ operating in a
‘SLEEP’ 204 state may consume a reduced amount of power,
and when acting 1n a *‘WINKLE’ 202 state, even less. How-
ever, when a processing resource 1s operating in a ‘SLEEP’
204 or ‘WINKLE’ 202 state it has a corresponding fold/
unfold interval ‘1°-‘12° 208, which refers to the amount of
time required for 1t to move from an operational state con-
suming less power to an operational state consuming more
power. As an example, processing resources ‘a’-‘h’ operating
in a ‘SLEEP” 204 state have one correspondmg revival
latency interval, but when operating ina *WINKLE’ 202 state
they may have a longer revival latency interval.

In various embodiments, the number of operating states 1s
determined by the number of different power states a process-
ing resource 1s capable of supporting. As and example, each
incremental power saving state supported by a processing
resource may have an increase in potential power savings
with a corresponding incremental revival latency for coming
out of the deeper power saving state. To further the example,
a processing resource may support NAP, ‘SLEEP’ 204, and
‘WINKLE’ 202 operating states, with the NAP state provid-
ing minimal power savings with single millisecond revival
latency. Likewise, the ‘SLEEP’ 204 state may provide modest
power savings with 10’s of millisecond revival latency. The
‘“‘WINKLE’ 202 state may likewise provide maximum power
savings at the cost of seconds of revival latency.

In these and other embodiments, before a deeper power
saving state can be used, there must be suflicient processing,
resources 1n the prior power saving state to mask the latency
of bringing a processing resource out of the deeper power
saving state. For example, processing resource folding and
unfolding decisions could be made 1n 1 second fold/unfold
intervals. Theretfore, if a processing resource in a ‘WINKLE’
202 state requires 3 seconds to revive, then before a folding
operation will allow a processing resource to enter a
‘WINKLE’ 202 state, there must be at least 3 processing
resources currently in a ‘SLEEP’ 204 state. This ensures that
if a processing resource 1 a *“WINKLE’ 202 state needs to be
revived, then over the next 3 fold/unfold intervals, there will
be at least 1 processing resource available to activate within a
single fold/unfold interval, and by the time the fourth mterval
1s reached, a processing resource in a ‘WINKLE’ 202 state
will be available to be placed 1n an *“ACTIVE’ 206 state.

In various embodiments, processing loads assigned to a
plurality of processing resources ‘a’-‘h’ operating in an
‘ACTIVE’ 206 state are monitored for processing load con-
solidation. As illustrated 1n FIG. 2, all processing resources
‘a’-‘h’ are operating 1n an “ACTIVE’ state with average num-
ber 216 of 7.5 processing resources utilized since the last
revival latency period. However, 1f processing resources ‘a’-
‘h’ are not operating at capacity, then processing loads from
one processing resource may be reassigned to other process-
ing resources with available processing capacity. As likewise
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illustrated in FIG. 2, between fold/untold interval ‘1’ and ‘2’
the average number 218 of only 4.3 processing resources of
the currently ACTIVE 8 processing resources ‘a’ through ‘h’
were utilized. As a result, folding operations are performed to
reassign processing loads 1n fold/unfold interval ‘2” and to
place processing resource ‘a’ina ‘SLEEP’ 204 state. Between
told/unfold interval ‘2’ and °3’, an average number 220 o1 3.2
processing resources were utilized of the ACTIVE 7 process-
ing resources ‘b’ through ‘h’. As a result, processing loads
have been reassigned 1n fold/unfold interval *3” and process-
ing resource ‘b’ has been placed i a ‘SLEEP’ 204 state. At
fold/unfold interval ‘4’, an average number 222 of 2.8 pro-
cessing resources of the 6 ACTIVE processing resources ‘C’
through ‘h” were utilized and as a result, processing resource

¢’ has likewise been placed 1n a ‘SLEEP’ 204 state. The
reasmgnment process 1s continued 1n fold/unfold interval 5°,
where an average number 224 of 1.4 of the 3 ‘ACTIVEZ’
processing resources ‘d’ through ‘h’ were utilized during the
interval. As a result, another decision to fold a resource 1s
made. However, the sum of the revival latency intervals asso-
ciated with processing resources ‘a’, ‘b’, and ‘¢’ (e.g., 3
seconds) 1n the ‘SLEEP’ state 204 1s compared to the revival
latency interval (e.g., 3 seconds) associated with a processing
resource ‘a’-‘h’ operating in a *“WINKLE’ state 202. If the
sum 1s equal or greater than the ‘WINKLE’ latency, then
processing resource ‘d’ 1s placed 1n a *“WINKLE’ state 202.
Further processing load analysis operations are performed 1n
told/unfold interval ‘6” where an average number 226 of 1.8
of the 4 ‘ACTIVE’ processing resources ‘e’ through ‘h” were
utilized, resulting in another fold decision. Accordingly, pro-
cessing resource ‘e’ 1s likewise placed into a “WINKLE’ 202
state since processing resources ‘a’, ‘b’, and ‘¢’ are already 1n
a ‘SLEEP’ state to ensure there are suilicient resources 1n a
‘SLEEP’ state to allow unfolding a processing resource at
cach fold/unfold interval while still providing time for a pro-
cessing resource 1 a WINKLE state to revive.

However, at fold/unfold interval “7’ an average number 228
of 2.9 of the remaining 3 ‘ACTIVE’ processing resources ‘g’
and ‘h’ are utilized, resulting 1n a decision to unfold a pro-
cessing resource. Accordingly, processing resource ‘a’ 1s
placed into an ‘ACTIVE’ 206 state. As a result, only 2 pro-
cessing resources ‘¢’ and ‘b’ remain in the ‘SLEEP’ state.
Since the sum of the revival intervals of the two processing
resources 1s no longer equal or greater than the revival latency
ol a processing resource 1 a ‘WINKLE’ state, processing
resources ‘d’ 1s chosen to revive from a * WINKLE’ state to an
‘Active’ state. As a result, processing resource ‘d’ 1s available

by fold/unfold interval ‘10° (e.g., 3 seconds for processing,
resource ‘d’ torevive from a * WINKLE’ state). At fold/unfold

interval ‘8, an average number 230 o1 3.8 of the 4 ‘ACTIVE’
processing resources ‘a’, ‘1°, ‘g’, and ‘h’ are utilized. As a
result, processing resource ‘b’ 1s selected to be moved from a
‘SLEEP’ state to an ‘ACTIVE’ state. Just as at fold/unfold
interval “7’, the sum of remaining resources 1 a ‘SLEEP’
state 1s not equal or greater than the latency to revive a pro-
Cessing resource in a ‘WINKLE’ state. Accordingly, process-
ing resource ‘e’ 1s chosen to be revived from a ‘WINKLE’
state so 1t Wl]] be available by fold/unfold interval ‘11°. In
fold/unfold interval ‘9’, an average number 232 of 4.9 of the
S5 ‘ACTIVE’ processing resources ‘a’, ‘b’, ‘g’, and ‘h’ are
utilized, resulting 1n processing resource ‘¢’ being selected to
be moved from a ‘SLEEP’ state to an “ACTIVE’ state. At this
point, there are no more processing resources are 1 a
‘SLEEP’ state and there are no more processing resources in
a ‘WINKLE’ state that haven’t already begun revival.

At fold/unfold interval ‘10°, an average number 234 of 5.8
of the 6 ‘ACTIVE’ processing resources ‘a’, ‘b’, °c’, ‘g’, and
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‘h> are utilized and there are no additional processing

resources available 1n a ‘SLEEP’ 204 state. However, pro-
cessing resource ‘d’ has now completed its revival from 1ts
‘WINKLE’ state which was mitiated at fold/unfold interval
“7’ and has entered an ‘ACTIVE’ 206 state. At fold/untold
interval ‘11°, an average number 236 of 2.1 of the 7
‘ACTIVE’ processing resources ‘a’-‘d” and ‘1°-‘h’ are uti-
lized. As a result, processing resource ‘d’ 1s selected to be
placed mto a ‘SLEEP’ 204 state. Also at fold/unfold interval
‘11°, processing resource ‘e’ has now completed 1ts revival
from 1ts ‘WINKLE’ state which was 1nitiated at fold/unfold
interval ‘8 and enters an ‘ACTIVE’ state. Then, 1n fold/
untold interval ‘12°, an average number 238 of 3.5 of the 7
‘ACTIVE’ processing resources ‘a’-‘d” and “1’-‘h’ are uti-
lized. As a result, processing resource ‘e’ 1s selected to be
placed 1n a ‘SLEEP’ 204 state. It will be appreciated by those
of skill in the art that many such embodiments are possible
and the foregoing 1s not intended to limit the spirt, scope, or
intent of the disclosure.

FIG. 3 1s a simplified tlowchart of the operation of a pro-
cessing resource folding management module as 1mple-
mented 1n accordance with an embodiment of the mnvention
for folding operations. In this embodiment, folding manage-
ment operations are begun 1n step 302, followed by the moni-
toring of processing loads assigned to a plurality of process-
ing resources in step 304. A determination i1s then made 1n
step 306 whether processing resources are available for pro-
cessing load consolidation. As an example, four processor
cores may be 1n an active state, yet each 1s running at 30%
capacity. Accordingly, processing loads from two of the
active processor cores may be reassigned to the other two
processor cores. As a result, two processor cores will be 1n an
idle state after the processing load reassignment and two
processor cores will be running at 60% capacity. Likewise,
DIMM memory modules associated with the processing
loads may be similarly managed.

I1 1t 1s determined 1n step 306 that processing resources are
not available for processing load consolidation, then a deter-
mination 1s made in step 334 whether to continue folding
management operations. It so, then the process 1s continued,
proceeding with step 304. Otherwise folding management
operations are ended in step 336. However, 11 1t 1s determined
in step 306 that processing resources are available for pro-
cessing load consolidation, then a processing load 1s selected
in step 310 and then reassigned to an available processing
resource 1n step 312. A determination 1s then made in step 314
whether the source processing resource 1s in an idle state. IT
not, then the process 1s continued, proceeding with step 334.
Otherwise, a determination 1s then made 1n step 316 whether
other processing resources are in the first sleep state. If not,
then the source processing resource 1s placed 1n a first sleep
state, comprising a first power consumption level and a first
revival latency 1nterval 1n step 318 and the process 1s contin-
ued, proceeding with step 334. Otherwise, the sum of the
respective revival latency intervals associated with all pro-
cessing resources currently in the first sleep state 1s deter-
mined 1n step 324. A determination 1s then made 1n step 326
whether the sum exceeds the revival latency interval of a
second sleep state, comprising a lower power consumption
level. IT not, then the process 1s continued, proceeding with
step 318. Otherwise, the source processing resource 1s placed
into the second sleep state 1n step 330 and the process 1s then
continued, proceeding with step 334.

FIG. 4 1s a simplified tlowchart of the operation of a pro-
cessing resource folding management module as 1mple-
mented 1n accordance with an embodiment of the mnvention
for unfolding operations. In this embodiment, unfolding man-
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agement operations are begun in step 402, followed by the
monitoring of processing loads assigned to a plurality of
processing resources 1n step 404. A determination 1s then
made 1n step 406 whether a new processing load 1s to be
assigned to processing resource. If not, a determination 1s
made 1n step 434 whether to continue folding management
operations. If so, then the process 1s continued, proceeding
with step 404. Otherwise unfolding management operations
are ended 1n step 436.

However, 11 1t 1s determined 1n step 406 that a new process-
ing load 1s to be assigned to processing resource, then a
determination 1s made 1n step 408 whether active processing
resources are available for the new processing load. As an
example, two processor cores may be 1n an active state, yet
cach 1s running at 60% capacity. If the new processing load 1s
calculated to consume 20% of a processor core’s capacity,
then 1t can be assigned to either of the two processor cores.
However, i the new processing load 1s calculated to consume
50% of a processor core’s capacity, then neither of the two
active processor cores are available to be used by the new
processing load.

Accordingly, if it 1s determined 1n step 408 that active
processing resources are available for the new processing
load, then a processing resource 1s selected 1n step 410 for
assignment of the new processing load, which 1s then
assigned to the selected processing resource 1n step 412. The
process 1s then continued, proceeding with step 434. How-
ever, 1f 1t 1s determined 1n step 408 that active processing
resources are not available for the new processing load, then
a determination 1s made 1n step 414 whether a processing
resource 1n a lirst sleep state, comprising a {irst power con-
sumption level and a first revival latency interval, 1s available.
If not, then the process 1s then continued, proceeding with
step 434.

However, 11 it 1s determined 1n step 414 that a processing,
resource 1n a first sleep state 1s available, then 1t 15 selected in
step 416 and then placed into a non-sleep, or active, state 1n
step 418. The new processing load 1s then assigned to the
revived, or newly-active, processing resource 1n step 420. A
determination 1s then made in step 424 whether other pro-
cessing resources are in a second sleep state, comprising a
second power consumption level and a second revival latency
interval. ITnot, then the process 1s continued, proceeding with
step 434. Otherwise, the sum of the respective revival latency
intervals associated with all processing resources currently 1in
the first sleep state 1s determined 1n step 426. A determination
1s then made 1n step 428 whether the sum exceeds the revival
latency interval of the second sleep state. If so, then the
process 1s continued, proceeding with step 434. Otherwise, a
revival of a processing resource currently 1n the second sleep
state 1s imtiated 1n step 430 and then placed into the first sleep
state 1n step 432. The process 1s then continued, proceeding
with step 434.

The flowchart and block diagrams 1n the figures 1llustrate
the architecture, functionality, and operation of possible
implementations of systems, methods and computer program
products according to various embodiments of the present
invention. In this regard, each block 1n the flowchart or block
diagrams may represent a module, segment, or portion of
code, which comprises one or more executable instructions
for implementing the specified logical function(s). It should
also be noted that, 1n some alternative implementations, the
functions noted 1n the block may occur out of the order noted
in the figures. For example, two blocks shown 1n succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality mvolved. It will also be
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noted that each block of the block diagrams and/or flowchart
1llustration, and combinations of blocks in the block diagrams
and/or flowchart illustration, can be implemented by special
purpose hardware-based systems that perform the specified
functions or acts, or combinations of special purpose hard-
ware and computer instructions.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
“a,” “an” and “‘the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises™ and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
clements, components, and/or groups thereof.

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements in the claims
below are intended to include any structure, material, or act
for performing the function in combination with other
claimed elements as specifically claimed. The description of
the present mvention has been presented for purposes of
illustration and description, but 1s not intended to be exhaus-
tive or limited to the invention in the form disclosed. Many
modifications and variations will be apparent to those of skaill
in the art without departing from the scope and spirit of the
invention. The embodiment was chosen and described 1n
order to best explain the principles of the invention and the
practical application, and to enable others of skill 1n the art to
understand the invention for various embodiments with vari-
ous modifications as are suited to the particular use contem-
plated.

Having thus described the invention of the present appli-
cation 1n detail and by reference to preferred embodiments
thereol, 1t will be apparent that modifications and variations
are possible without departing from the scope of the invention
defined 1n the appended claims.

What 1s claimed 1s:

1. A computer-implemented method for managing power
consumption in an information processing system, compris-
ng:

monitoring a plurality of processing loads assigned to a

corresponding plurality of processing resources operat-
ing in a non-sleep state;
reassigning a lirst processing load assigned to a first pro-
cessing resource to a second processing resource,
wherein said second processing resource comprises a
second processing load and a sum of said first and sec-
ond processing loads does not exceed a capacity of said
second processing resource, and said reassignment
results 1n said first processing resource being idle;

placing said first processing resource into a first sleep state
comprising a first power conservation state and a first
revival latency interval; and

placing an individual said first processing resource 1n said

first sleep state into a second sleep state comprising a
second power conservation state and a second revival
latency interval 11 said second revival latency interval
exceeds the sum of said first revival latency intervals
corresponding to a plurality of said first processing
resources 1n said first sleep state.

2. The method of claim 1, further comprising:

placing said individual first processing resource in said

second sleep state into said first sleep state when said
second revival latency interval exceeds the sum of said
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firstrevival latency intervals corresponding to a plurality
ol said first processing resources 1n said first sleep state.

3. The method of claim 1, further comprising;

placing said individual first processing resource 1n said first
sleep state mto said non-sleep state when said sum of
first and second processing loads exceeds the capacity of
said second processing resource; and

reassigning said first processing load assigned to said sec-
ond processing resource to said individual first process-
Ing resource.

4. The method of claim 1, further comprising;

placing said individual first processing resource in said first
sleep state mto said non-sleep state when a third pro-
cessing load 1s assigned to said second processing
resource and the sum of said first, second, and third
processing loads exceeds the capacity of said second
processing resource; and

reassigning said third processing load assigned to said
second processing resource to said individual first pro-
cessing resource.

5. The method of claim 1, wherein said plurality of pro-

cessing resources comprises a plurality of processors.

6. The method of claim 1, wherein said plurality of pro-

cessing resources comprises a plurality of processors.

7. A system comprising:

a Processor;

a data bus coupled to the processor; and

a non-transitory computer-usable medium embodying
computer program code, the computer-usable medium
being coupled to the data bus, the computer program
code managing power consumption i1n an information
processing system and comprising nstructions execut-
able by the processor and configured for:

monitoring a plurality of processing loads assigned to a
corresponding plurality of processing resources operat-
ing in a non-sleep state;

reassigning a first processing load assigned to a first pro-
cessing resource to a second processing resource,
wherein said second processing resource comprises a
second processing load and a sum of said first and sec-
ond processing loads does not exceed a capacity of said
second processing resource, and said reassignment
results 1n said first processing resource being 1dle;

placing said first processing resource 1nto a first sleep state
comprising a {irst power conservation state and a {irst
revival latency interval; and

placing an individual said first processing resource 1n said
first sleep state into a second sleep state comprising a
second power conservation state and a second revival
latency interval 1f said second revival latency interval
exceeds the sum of said first revival latency intervals
corresponding to a plurality of said first processing
resources 1n said first sleep state.

8. The system of claim 7, further comprising:

placing said individual first processing resource i said
second sleep state 1nto said first sleep state when said
second revival latency interval exceeds the sum of said
firstrevival latency intervals corresponding to a plurality
of said first processing resources 1n said first sleep state.

9. The system of claim 7, further comprising;:

placing said individual first processing resource in said first
sleep state mto said non-sleep state when said sum of
first and second processing loads exceeds the capacity of
said second processing resource; and

reassigning said first processing load assigned to said sec-
ond processing resource to said individual first process-
1ng resource.
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10. The system of claim 7, further comprising:
placing said individual first processing resource in said first
sleep state 1into said non-sleep state when a third pro-
cessing load 1s assigned to said second processing
resource and the sum of said first, second, and third
processing loads exceeds the capacity of said second
processing resource; and
reassigning said third processing load assigned to said
second processing resource to said individual first pro-
cessing resource.
11. The system of claim 7, wherein said plurality of pro-
cessing resources comprises a plurality of processors.
12. The system of claim 7, wherein said plurality of pro-
cessing resources comprises a plurality of memory devices.
13. A non-transitory computer-usable medium embodying
computer program code, the computer program code com-
prising computer executable instructions configured for:
monitoring a plurality of processing loads assigned to a
corresponding plurality of processing resources operat-
ing in a non-sleep state;
reassigning a lirst processing load assigned to a first pro-
cessing resource to a second processing resource,
wherein said second processing resource comprises a
second processing load and a sum of said first and sec-
ond processing loads does not exceed a capacity of said
second processing resource, and said reassignment
results 1n said first processing resource being 1dle;
placing said first processing resource into a first sleep state
comprising a first power conservation state and a first
revival latency interval; and
placing an individual said first processing resource 1n said
first sleep state into a second sleep state comprising a
second power conservation state and a second revival
latency interval 11 said second revival latency interval
exceeds the sum of said first revival latency intervals
corresponding to a plurality of said first processing
resources 1n said first sleep state.
14. The computer usable medium of claim 13, further
comprising;
placing said individual first processing resource in said
second sleep state 1nto said first sleep state when said
second revival latency interval exceeds the sum of said
firstrevival latency intervals corresponding to a plurality
of said first processing resources 1n said first sleep state.
15. The computer usable medium of claim 13, further
comprising;
placing said individual first processing resource 1n said first
sleep state mto said non-sleep state when said sum of
first and second processing loads exceeds the capacity of
said second processing resource; and
reassigning said first processing load assigned to said sec-
ond processing resource to said individual first process-
1ng resource.
16. The computer usable medium of claim 13, further
comprising:
placing said individual first processing resource in said first
sleep state mto said non-sleep state when a third pro-
cessing load 1s assigned to said second processing
resource and the sum of said first, second, and third
processing loads exceeds the capacity of said second
processing resource; and
reassigning said third processing load assigned to said
second processing resource to said individual first pro-
cessing resource.
17. The computer usable medium of claim 13, wherein said
plurality of processing resources comprises a plurality of
Processors.
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18. The computer usable medium of claim 13, wherein said 20. The computer usable medium of claim 13, wherein the
plurality of processing resources comprises a plurality of computer executable instructions are provided by a service
Processors. provider to a customer on an on-demand basis.

19. The computer usable medium of claim 13, wherein the
computer executable mstructions are deployable to a client 5
computer from a server at a remote location. I I
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